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0 A method for creating, maintaining and using an 
©Xpert system segregates the rulebase for the expert 
system into a standard rulebase and a calibration 
rulebase. The standard oilebase is stored In a read- 
only file, while the calibration rulebase is stored In a 
read/Vvrite file. An identical standard rutebase is pro- 
vided for several units of a model or pieces of 
equipment of one type, while each unit has its own 
caJibration rulebase. The operator of a unit is given 
access to the calibration rulebase to make modifica- 
tions to the calibration properties for that particular 
unit The calibration rulebase for a specific unit Is 
then merged with the standard rulebase to form the 
appOcation rulebase used in evaluating the unit 
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METHOD FOR CREATINQ, MAINTAINING AND USING AN EXPERT SYSTEM 



BACKGROUND OF THE INVENTION 



Held of the invention 

The present invention is related to the creation, 
maintenance and use of computerized expert sys- 
tems, and. more particularly, to a method for creat- 
ing and maintaining an expert system rufebase for 
use with different pieces of equipment of the same 
type. 

Description of the Reiated Art 

There is currently an Increasing use of expert 
systems for evaluating equipment, particularly dur- 
ing operation. With many types of equipment such 
as electrical generators used by power companies 
and other types of equipment of similar size, there 
are several pieces of equipment of a single type or 
model which are constructed to be virtually iden- 
tical. However, due to differences In the construc- 
tion process or the environment in which pieces of 
equipment are operated, there are variations in the 
values of certain parameters or sensor readings for 
a type of equipment which are consistent for a 
specific unit. Such characteristics are convention- 
ally expressed as, e.g., '*it tends to run hot" or 
"this one's a little slow to warm up", etc. 

Existing expert systems typically allow for such 
variations between units by maintaining a single 
rulebase for each piece of equipment If it is dis- 
covered that a change should be made to the 
rulebases for all pieces of equipment of a certain 
type, eadi rulet>ase must be changed individually. 
The change cannot be made once and copied to 
the other rulebases. because then the properties 
unique to a specific piece of equipment would be 
ovenwitten by properties in the rulebase which was 
first modified. Some expert systems may attempt 
to alleviate such problems by segregating prop- 
erties into one file defining ojles and another file 
defining parameters. This would allow changes to 
the rules to be copied from one rulebase to another 
without effecting the parameters, but does not allow 
for rules to be unique to a specific piece of equip- 
ment or for a change to the parameter file to be 
made in common to all pieces of equipment of a 
specific type. 



SUMMARY OF THE INVENTION 



An object of the invention is to provide a meth- 
od for efficiently creating and maintaining a com- 
puterized expert system which can be used to 
evaluate several pieces of equipment which are 

5 very similar. 

Another object of the present invention is to 
provide a method for maintaining control over com- 
mon properties of a rulebase for such an expert 
system while allowing the rulebase to be tailored 

10 for a specific piece of equipment 

The invention in its broad form resides In a 
method of creating, maintaining and using a com- 
puterized expert system rulebase on a domain, the 
method comprising the steps of: storing standard 

75 properties, commonly used for different units within 
the domain of the rulebase. in a subsequentiy read- 
only standard file: storing calibration properties, 
expected to be unique for different units within the 
domain of the rulebase. in at least one subse- 

20 quently modifiable calibration file; and merging the 
standard and calibration files for application to a 
single unit within the domain of the rulebase. 



25 BRIEF DESCRIPTION OF THE DRAWINGS 



In order for the present invention to be better 
understood and readily practiced, a pretended em- 
30 bodiment will be described, by way of example 
only, in conjunction with the accompanying drawing 
wherein: 

Fig. 1 is a block diagram of the file structure 
of an expert system rulebase according to a pre* 
35 ferred embodiment of the present invention: 

Rg. 2A is a rule net diagram of a prior art 
rulebase; and 

Rg. 2B is a rule net diagram of a rulebase 
according to a preferred embodiment of the 
40 present invention. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

45 

The block diagram in Rg. 1 illustrates an es- 
sential feature of the present invention. A standard 
rulebase 10 is stored as a read-only file for all 
so subsequent uses. Standard properties which are 
commonly used for different units within the do- 
main of the rulebase are stored in the standard 
rulebase 10. A separate file 12 is created to store 
calibration properties which are expected to be 
unique for different units within the domain of the 
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rulebase. The calibration rul base 12 is a read/write 
file and thus constitutes a subsequently modifiable 
calibration file. Prior to th first use of th rulebase, 
the standard and calibration rulebases 10 and 12 
are subjected to a merge operation as indicated at 
14 to form an application rulebase 16 which prefer- 
ably is a read-only fife. The application rulebase 16 
Is used like a conventional expert system rulebase 
to evaluate equipment within the domain of the 
rulebase. Such rulebases are typically used to di- 
agnose the cause of improper operation of heavy 
equipment such as generators in a power station, 
so tiiat repairs may be made to components during 
scheduled down time, prior to the complete failure 
of tiie components. It should be understood that 
tills is not the sole present use of expert system 
rulebases and that the present invention can be 
applied to expert systems used for many different 
purposes. 

When rt is desired to make a connection to the 
application rulebase 16 due to a condition or set- 
ting related to a specific unit or individual within tiie 
domain of the rulebase, tiie calibration rulebase 12 
is modified and the merge operation 1 4 is repeated 
to create a new application rulebase 16. On tiie 
other hand, when it is determined tiiat a change to 
tiie application rulebase 16 is applicable to all or 
substantially all of the units within the domain of 
the standard rulebase 10. a new standard rulebase 
10 is created and merged with the calibration 
rulebase 12 con^esponding to each of the units to 
create an application rulebase 16 for each of tiie 
units within the domain. Changes to tiie standard 
rulebase 10 are likely to be much less frequent 
tiian changes to tiie calibration rulebase 12. It may 
occasionally be necessary to make changes to 
some or ail of tiie calibration mlebases 12 in a 
response to a change to tiia standard rulebase 10. 
but typical changes to tiie standard rulebase 10 
can be made much more efficientiy than In a 
conventional expert system. In a conventional sys- 
tem only application rulebases 18 exist, each ap- 
plication rulebase 16 corresponding to a specific 
unit and having many properties in common with 
tiie application rulebases 16 coresponding to otiier 
units of the same domain or type of equipment but 
each has to be modified individually. 

Taking the example of a generator at a power 
station, typically several units of one model of 
generator are constructed for different power sta- 
tions around ttie country or around tiie world. In 
some cases, a single power company may have 
several units of the same model, some at tiie same 
power station. The greatest similarity between units 
wouM probably b In the case of several units of 
the sam model at the same power station, all of 
which were manufactured and put into operation at 
approximately tiie same time. However, even in 



tilts situation, variations in the manufacturing pro* 
cess or tiie load which they experience due to 
differences in down time, etc, can result in slight 
differences in tiie units, specially after the pas- 

5 sage of several years. Even great r differences 
between units of the same model can be expected 
due to different operating conditions at different 
power companies, particulariy units used in anotiier 
country having a different electrical network and 

10 operating conditions. 

Each unit of tiie model of generator is evalu- 
ated using a unique application mlebase 16. This 
application rulebase 16 is formed by merging a 
standard rulebase 10 tiiat applies to all of the units 

rs of tills model of. generator with a calibration 
rulebase 12 tiiat is unique to the con-esponding unit 
or piece of equipment. In the scenario described 
above, it Is expected tiiat the majority of the prop- 
erties In tiie application rulebase 16 will be derived 

20 from tiie standard rulebase 10 due to tiie great 
similarity between units. The units operated in an- 
otiier country, can be expected to have the largest 
number of calibration properties In tiie calibration 
rulebase 12 because the operating conditions to 

25 which those units are exposed are likely to be the 
most different from tiie operating conditions to 
which the units in this country are exposed. 

Figs. 2A and 2B provide specific examples of 
how tiis properties in the calibration rulebase 12 

30 are merged with properties in the standard 
rulebase 10. Rgs. 2A and 2B are mle net diagrams 
illustrating how tiiree hypotiieses H1. H2 and H3 
are combined to provide a diagnosis of malfunction 
Ml. Altiiough no input is illustrated into the hypo- 

35 tiieses HI, H2 and H3, tiiese hypotiieses are deter- 
mined as Is known In tiie art by applying rules to 
sensor readings or other input data. The rule net 
diagram in Rg. 2A illustrates tiiat rf either the first 
hypotheses HI meets tiie requirements of a first 

40 rule R1 or second and tiilrd hypotiieses H2 and H3 
respectively meet tiie requirements of rules R2 and 
and togetiier meet the requirements of rule R4, 
then malfunction Ml is diagnosed. 

In a conventional expert system, if a rule, such 

45 as rule R1 needs to be changed for a specific unit, 
then tiie rule itself would be changed so that rule 
R1 in an application rulebase corresponding to tiiat 
unit would be different from rule R1 In tiie 
rulebases corresponding to all tiie otiier units of 

50 that model. As time passes, it is likely tiiat none of 
the njlebases for the units of a model would be 
exactiy tiie same. As a result, if it is determined 
that rule R2 should be changed for all units of the 
model based upon additional infonnation which has 

55 been learned about the performance of tiiat model, 
the change to rule R2 would have to be made to 
each application rulebase Individually. 

As described herein, properties, whether repre* 
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senting parameters or rules, in a rulebase which 
are expected to vary from unit to unit, ar stored in 
a caJibration rulebase 12. Thus, if it is necessary to 
change a rule, such as the rule corresponding to 
rule R4 In Rg. 2A. rule RC4 of Rg. 2B, which is 
stored in the cafibration njlebase for a specific unit 
would be modified. As another example, assume 
that the hypotheses Hi, H2 and H3 and rules R2 
and R3 are stored in the standard rulebase. If it is 
necessary to malce a change to rule R2 in all the 
units of a model, the cfiange can be made to one 
copy of the standard rulebase and that standard 
rulebase can be copied to or recreated at each site 
where an application rulebase exists for each unit 
of the model. Then, it is only necessary to perform 
another merge operation 14 to recreate tfie applica- 
tion rulebase 16. Both the copying and merge 
operations are automatic operations which do not 
require the entry of any unique commands to mal<e 
a change in the application rulebase. 

The types of changes which can be made to 
the calibration rulebase include changing previous- 
ly stored calibration properties, such as rule RC4 or 
adding new caiibration properties. For example, 
assuming rule Rl' in Rg. 28 was originally stored 
in the calibration rulebase as Indicating that mal- 
function r^l should be diagnosed under certain 
conditions if hypothesis H1 exists, this rule coutd 
be changed to indicate existence of an Intermedi- 
ate node Ml' and malfunction Ml would be di- 
agnosed only if rule RCl is met. 

In other words, In the standard rulebase there 
would be no rules indicating that malfunction M1 is 
diagnosed. Only when rules Rl', RCl and R4 
together with intermediate node Ml', stored in the 
calibration rulebase 12, are merged witli the stan- 
dard rulebase. will the application nilebase 16 have 
a rule net diagram like that illustrated in Rg. 28. 

If. on tile other hand, aile Rl in Rg. 2A is 
stored in the standard rulebase 10 and it is desired 
to produce an application mlebase like tiiat illus- 
trated in Rg. 28, it is necessary to eitiier have a 
new standard rulebase created without rule Rl or 
to somehow override rule Rl. Preferably, all of the 
rules in the standard and caTibration rulebases are 
included fn tiie application rulebase; therefore, if 
the standard property cannot be modified by add- 
ing a calibration property, tiie standard property 
should be deleted. 

The calibration rules illustrated by curved lines 
in Rg. 28 represent examples of different types of 
caiibration properties. The rule RC4 is an example 
of storing, as one of til calibration properti s. a 
rule establishing a first confidence level for a first 
condition (Ml) in response to at least a second 
confidence level of a second condition (the com- 
bination of applying mies R2 and R3 to hypotiteses 
H2 and H3). Anotiier use of a calibration prop rty 



would be to exclude the diagnosis of a malfunction 
which is always displayed and tiierefore provides 
no useful information. This can be provided by 
storing as one of tite calibration properties a rule 

5 (RCl) which says ttiat only if malfunction Ml' has a 
confidence level which is never attainable, will mal- 
function M1 be diagnosed. In tiiis case, rule Rl' 
would be the same as rule Rl in Rg. 2A except 
tiiat tiie object or result of the rule is tiie setting of 

10 the confidence level for intermediate node Ml' 
instead of malfunction Ml. 

Many otiier examples could be given for how a 
calibration mlebase could modify a standard 
rulebase. The properties stored in the calibration 

15 rulebase are not limited to rules, but include pa- 
rameters or other properties used In defining a 
rulebase or knowledge base in a particular expert 
system. There are currently available many dif- 
ferent expert systems which can be purchased 

20 commercially. For example, an expert system 
known as "the Personal Consultant Plus" is avail- 
able from Texas Instruments for execution on IBM 
PC compatible microcomputers. "Personal Consul- 
tant Plus" is an expert system shell which enables 

25 rulebases containing separate files for rules and 
parameters to be developed and accessed. 
Rulebases In otiier expert system shells may sepa- 
rate the properties stored in a rulebase in other 
ways. The present invention can be applied to 

00 many different ways of defining a rulebase and is 
not limited to rulebases comprising only paranw 
eters and rules. 

Furthermore, the present invention is not limit- 
ed to tile use of a standard njlebase that is dph 

^5 piicable only to one model or type of equipment 
There may be similar models or types of equip- 
ment, such as gas and water cooled generators 
which have some components in common and 
otiier components, i.e., the cooling system, which 

40 are slgnificantiy different. A single standard 
njlebase might be created for botii gas and water 
cooled generators and two calibration rulebases, 
one for the gas-cooled model and one for the 
water-cooled model. The calibration mlebase for 

45 water-cooled generators could be merged with tiie 
standard rulebase to fonm a standard rulebase* for 
water-cooled generators, while the calibration 
rulebase for gas-cooled generators could be 
merged with ttie standard rulebase to form a stan- 

50 dard rulebase for gas-cooled generators. This pro- 
cess could be repeated again for different models 
of gas and water-cooled generators before the 
standard rulebase for a particular model Is merged 
witii the final calibration rulebase for a particular 

59 unit of that model. In such a case, the calibration 
rulebase for, e.g., the water cooled generators may 
Include a calibration property defining a mle estab- 
lishing a first confidence level for a first condition In 
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response to at least a second confidence level of a 
second condition, wiiiie one of the calibration prop- 
erties in the second calibration file for gas cooled 
generators might be a property determining a suffi- 
ciency condition for establishing the first confi- 
dence level in dependence upon the second con- 
fidence level. In other words, in water cooled gen- 
erators, the first confidence level is detemnlned by 
applying an unvarying test to the second con- 
fidence level, while in the standard rulebase for gas 
cooled generators, the first confidence level is de- 
termined by applying a formula to the second 
confidence level. 

The many features and advantages of the 
present invention are apparent from the detailed 
specification and thus, it is intended by the appen- 
ded claims to cover all such features and advan- 
tages of the method which fall within the true scope 
of the invention. Further, since numerous modifica- 
tions and changes will readily occur to those skilled 
in the art. it is not desired to limit the invention to 
the exact construction and operation illustrated and 
described. Accordingly, all suitable modifications 
and equivalents may be resorted to falling within 
the scope of the invention. 



Claims 

1 . A method of creating, maintaining and using 
a flexible, computerized expert system rulebase on 
a domain which contains a plurality of different 
units or items of equipment to be controlled, said 
method comprising the steps of: 

(a) storing standard properties, commonly 
used for different units within the domain of the 
rulebase. in a subsequently read-onfy standard file; 
characterized by: 

(b) storing calibration-properties, which are 
unique for said different units within the domain of 
the rulebase, in at least one subsequently modifi- 
able calibration file; and 

(c) merging the standard and calibration files 
for application to a single unit to get a new tailored 
expert system within the domain of the rulebase. 

2. A method as recited in claim 1. further 
comprising the steps of. 

(d) modifying the calibration file by at least 
one of (i) changing previously stored calibration 
properties and adding new calibration prop- 
erties: and 

(e) repeating said merging in step (c) after 
said modifying in step (d). 

3. A method as recited in claim 1, further 
comprising the steps of: 

(d) creating a new calibration file; and 

(e) merging the new calibration and standard 
files for application to another of the different units 



within the domain of the rulebase. 

4. A method as recited in claim 1, further 
comprising the step of: 

(d) modifying on of the standard properties 
5 for application to the single unit by performing th 
steps of: 

(di) recreating the standard file without the one of 
the standard properties: 

(dii) adding the one of the standard properties to 
70 the calibration file as a new calibration property: 
and 

(diii) repeating said merging in step (c). 

5. A method as recited in claim 1 , wherein step 
(b) comprises tiie step of storing as one of the 

75 calibration properties a rule establishing a first con- 
fidence level for a first condition in response to at 
least a second confidence level of a second con- 
dition. 

6. A method as recited in claim 1, wherein step 
20 (b) comprises the step of storing as one of the 

calibration properties a rule establishing exclusion 
of a diagnosis in reports produced by tiie applica- 
tion rulebase. 

7. A metiiod as recited in claim 1 . wherein said 
25 storing in step (b) comprises: 

(bi) creating f rst and second calibration files for 
first and second units; 

(bil) storing as one of the calibration properties in 
the tirst calibration file a rule establishing a first 
30 confidence level for a first condition in response to 
at least a second confidence level of a second 
condition; and 

(biii) storing as one of the calibration properties In 
tiie second calibration file a rule stating a suffi- 
35 ciency condition for establishing tiie first confi- 
dence level in dependence upon the second con- 
fidence level, and 

wherein step (c) comprises merging each of the 
first and second calibration files separately with tiie 
40 standard file for application to tiie first and second 
units, respectively. 
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@ Method for creating, maintaining and using an expert system. 



@ A method for creating, nasuntaining and using an 
expert system segregates the rulet>ase for the expert 
systenn into a standard rulebase and a calibration 
rulebase. The standard rulebase is stored in a read- 
only file, while the calibration rulebase Is stored in a 
read/write file. An identical standard rulebase is pro- 
vided for several units of a model or pieces of 
equipment of one type, while each unit has its own 
calibration rulebase. The operator of a unit is given 
access to the calibration rulebase to make modifica- 
tions to the calibration properties for that particular 
unit. The calibration rulebase for a specific unit is 
then merged with the standard rulebase to form the 
application rulebase used in evaluating the unit. 
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